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MULTI-STAGE ANALOG-TO-DIGITAL CONVERTER WITH PIPELINE STRUCTURE 
AND METHOD FOR CODING THE SAME 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This U.S. nonprovisional patent application claims priority under 35 U.S.C. § 
119 to Korean Patent Application 2002-62844, filed on October 15, 2002. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to analog-to-digital ("A/D") converters, and more 
particularly to a multiple stage A/D converter with a pipeline structure. 

2. Description of Related Art 

[0003] Generally, in designing an A/D converter with a pipeline structure, a one-bit 
overlap coding technique is used that overlaps one bit of digital data in each stage to a 
bit of digital data in corresponding next stages for correcting an offset error caused in 
the stage. For example, a three-stage A/D converter for producing 10-bit data is 
designed to have 4-bit data in each stage from a first to third stages, and 1 bit of data in 
the respective second and third stages is used for error correction, so that an error 
caused in a previous stage is corrected in a subsequent stage. 
[0004] However, an A/D converter with an error correction function described above 
takes up two times the area and consumes two times the power in comparison with an 
A/D converter without an error correction bit for each stage. However, since an A/D 



converter without an offset error correction function does not operate correctly, an error 
correction bit must be used in an A/D converter with a pipeline structure. 
[0005] As shown in FIG. 1, a conventional coding method for implementing an A/D 
converter is indicated generally by the reference numeral 100. The coding method 100 
is of a 4 stage A/D converter for processing 14-bit data. A first stage has 5 bits of data, 
while a second, third, fourth and fifth stage each has 4 bits of data, respectively. In the 
second and third stages, one bit of data is used as an error correction bit for correcting 
an error caused in a corresponding previous stage. 

[0006] In the method 100, a normal range does not have an offset error therein. Thus, 
the result of a previous stage, such as a first stage that falls in the normal range, is used 
in a next stage, such as a second stage. An ADD1 and a SUB1 are signals for adding 
or subtracting one bit to or from a result of a previous stage, respectively, when there is 
an offset error detected in data of the previous stage. 
[0007] The conventional multi-stage A/D converter as described above is 
disadvantageous in that its circuitry is complicated, takes up a large area on a chip, and 
consumes a high amount of power because every stage from a second stage to the last 
stage has an error correction bit. 

SUMMARY OF THE INVENTION 

[0008] It is a feature of embodiments of the present invention to provide a multi-stage 
A/D converter with a pipeline structure, which has an error correction bit in the data of 
only a second stage. 

[0009] It is another feature of embodiments of the present invention to provide a 
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multiple stage A/D converter with a pipeline structure capable of being implemented in a 
small chip and consuming a small amount of power. 

[0010] It is a further feature of embodiments of the present invention to provide a 
coding method of a multi-stage A/D converter with a pipeline structure. 
[0011] In accordance with one aspect of the present invention, there is provided a 
multi-stage A/D converter with a pipeline structure comprising (a) a sample-and-hold 
unit for receiving, sampling and holding analog input signals, (b) a converter section 
being comprised of a plurality of stages for receiving an output of the sample-and-hold 
unit and generating digital data with a predetermined number of bits, and (c) a 
correction circuit for correcting an offset error by overlapping a least significant bit 
("LSB") of data of a previous stage and a most significant bit ("MSB") of data of a 
subsequent stage when an offset error is caused in the previous stage, receiving the 
digital data from each stage of the converter section, and outputting digital output data, 
wherein a second stage of the converter section has an error correction bit in the digital 
data thereof for correcting an error caused in a first stage but a third and other stages 
coming after the third stage do not have an error correction bit. 
[0012] Preferably, each stage of the converter section may comprise a flash converter 
for receiving the output of the sample-and-hold unit and generating digital signals 
corresponding to the received analog signals, and a multiplying digital-to-analog 
converter ("MDAC") for receiving the digital signals from the flash converter, converting 
the received digital signals to analog signals, acquiring a difference between the output 
of the sample-and-hold unit and the converted analog signals, making a residue signal 
using the difference, and amplifying the residue signal. 
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[0013] Preferably, the converter section may comprise a first stage having the flash 
converter with 5 bits and the MDAC with 5 bits, a second stage having the flash 
converter with 4 bits and the MDAC with 4 bits, a third stage having the flash converter 
with 3 bits and the MDAC with 3 bits, and a fourth stage having the flash converter with 
3 bits, and wherein the second stage has the error correction bit for correcting the error 
caused in the first stage and a total of 14 bits of digital output data are generated from 
the A/D converter. 

[0014] Preferably, gains for the MDACs of the first and the second stages may be 1 6, 
respectively, and a gain of the MDAC of the third stage may be 8. 
[0015] In accordance with another aspect of the present invention, there is provided a 
coding method for designing a multi-stage A/D converter with pipeline structure 
comprising (a) a sample-and-hold unit for receiving, sampling and holding analog input 
signals, (b) a converter section being comprised of a plurality of stages for receiving an 
output of the sample-and-hold unit and generating digital data with a predetermined 
number of bits, and (c) a correction circuit for correcting an offset error by overlapping 
an LSB of data of a previous stage and an MSB of data of a subsequent stage when an 
offset error is caused in the previous stage, receiving the digital data from each stage of 
the converter section, and outputting digital output data, wherein a second stage of the 
converter section has an error correction bit in the digital data thereof for correcting an 
error caused in a first stage but a third and other stages coming after the third stage do 
not have an error correction bit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0016] The above and other features and advantages of the present invention will 
become readily apparent to those of ordinary skill in the pertinent art by describing in 
detail preferred embodiments thereof with reference to the attached drawings, in which: 
[0017] FIG. 1 shows a coding method of an A/D converter in accordance with the 
conventional art; 

[0018] FIG. 2 shows a coding method of an A/D converter in accordance with the 
present invention; and 

[0019] FIG. 3 shows a block diagram of an A/D converter designed in accordance with 
the coding method of FIG. 2. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0020] Hereinafter, the present invention will be described in detail by describing 

preferred embodiments thereof with reference to the accompanying drawings. Like 

reference numerals refer to like elements throughout the drawings. 

[0021] As shown in FIG. 2, a coding method for use in implementing an A/D converter 

in accordance with the present invention is indicated generally by the reference numeral 

200. In the coding method 200, there is no offset error in a normal range so that a 

normal range output of a previous stage is used in the next stage without any correction. 

ADD1 and SUB1 are signals for adding or subtracting a bit to or from an output of a 

previous stage when an offset error is detected in the previous stage. 5 bits of data are 

determined in a first stage and are amplified with a gain of 16. 
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[0022] The amplified 5 bits of data are transmitted to a second stage. In the second 
stage, the upper 4 bits and lower 4 bits are used as error correction areas. Thus, 4 bits 
of output, including 3 bits for the digital signal data and 1 bit for error correction, are 
determined and amplified with a gain of 16 in the second stage. The 4 bits of output 
amplified in the second stage are transmitted to a third stage. The third stage amplifies 
the 4 bits of output with a gain of 8 and transmits the amplified output to a fourth stage. 
[0023] The third stage uses all of the areas as data conversion areas. The fourth 
stage also uses all of the areas for data conversion. The Least Significant Bit ("LSB") 
of the first stage is 2VREF/32 and the LSB of the second stage is 2VREF/16. LSBs of 
the third and fourth stages are 2VREF/8, respectively. Since one bit of data is used as 

an error correction bit in the second stage, an offset error in a range of ± ^ LSB > caused 

in the first stage, can be corrected. 

[0024] On the other hand, since the third stage and the fourth stages do not have an 

error correction bit, an offset error only in a range of ±-LSB can be corrected in the 

8 

third and fourth stages. However, the absolute value of the LSB of the third and the 
fourth stages are 2VREF/8, respectively. That is, the absolute value of the LSB of the 
third and fourth stages are 4 times of the absolute value 2VREF/32 of the first stage, so 
absolute values in the error correction range are almost the same in the first to fourth 
stages. 

[0025] Accordingly, the A/D converter may operate without causing any problem even 
though only the second stage has the error correction bit and other stages coming after 
the second stage do not have error correction bits in data of their respective stages. 
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[0026] Turning now to FIG 3, a multi-stage A/D converter, indicated generally by the 
reference numeral 300, is designed in accordance with the coding method 200 of FIG. 2. 
The A/D converter 300 of FIG. 3 comprises a first stage converter 20 having a 5-bit flash 
converter 22 and a 5-bit Multiplying Digital-to-Analog Converter ("MDAC") 24, a second 
stage converter 30 having a 4-bit flash converter 32 and a 4-bit MDAC 34, a third stage 
converter 40 having a 3-bit flash converter 42 and a 3-bit MDAC 44, a fourth stage 
converter 50 having a 3-bit flash converter 52, and a correction circuit 60. 
[0027] The operation of an A/D converter in accordance with the present invention will 
be described with respect to the multi-stage A/D converter 300 of FIG 3. The A/D 
converter 300 has 4 stages and produces 14-bit digital data. The first stage converter 
20, second stage converter 30, third stage converter 40 and fourth stage converter 50 
generate 5 bits, 3 bits, 3 bits and 3 bits of digital data, respectively. In the second stage 
converter 30, a one bit digital signal out of the 4-bit digital data is used for correcting an 
error caused in the first stage converter 20 after a sample-and-hold unit 10 receives, 
samples and holds analog input signals VIN. 

[0028] In the first stage converter 20, the 5-bit flash converter 22 receives an output of 
the sample-and-hold unit 10 and generates 5 bits of digital signals corresponding to the 
received analog signals. The 5-bit MDAC 24 of the first stage converter 20 receives 
the 5 bits of the digital signals from the 5-bit flash converter 22, converts them to analog 
signals, compares the converted analog signals and the output, original analog signals, 
of the sample-and-hold unit 10, makes a residue signal using the difference between 
the converted analog signals and the original analog signals, and amplifies the residue 
signal. The amplifying gain of the 5-bit MDAC 24 is 16. 
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[0029] The 4-bit flash converter 32 of the second stage converter 30 receives an output 
of the 5-bit MDAC 24 and generates 4 bits of digital signals corresponding to the 
received analog signals. The 4-bit MDAC 34 of the second stage converter 30 
receives the 4 bits of digital signals from the 4-bit flash converter 32, converts them to 
analog signals, acquires a difference between the analog signals converted therein and 
the output, which are analog signals, of the 5-bit MDAC 24, makes a residue signal, and 
amplifies the residue signal. The gain of the 4-bit MDAC 34 is 16. 
[0030] The 3-bit flash converter 42 of the third stage converter 40 receives the output 
of the 4-bit MDAC 34 and generates 3 bits of digital signals corresponding to the 
received analog signals. The 3-bit MDAC 44 of the third stage converter 40 receives 
the 3 bits of digital signals from the 3-bit flash converter 42 and converts them to analog 
signals. Further, the 3-bit MDAC 44 of the third stage converter 40 acquires a 
difference between the analog signals converted thereby and the output of the 4-bit 
MDAC 34, makes a residue signal using the difference and amplifies the residue signal. 
The amplifying gain of the 3-bit MDAC 44 is 8. 

[0031] The 3-bit flash converter 52 of the fourth stage converter 40 receives an output 
of the 3-bit MDAC 44 and generates 3 bits of digital signals corresponding to the 
received analog signals. The correction circuit 60 corrects an offset error by 
overlapping an LSB of a previous stage and a Most Significant Bit ("MSB") of a 
subsequent stage when an offset error is caused in the previous stage, receives the 
digital signal outputs of all the stages, and outputs 14 bits of digital output data DOUT. 
[0032] As described above, an AID converter in accordance with the present invention 
has an error correction bit only in the second stage but has no error correction bit in 
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later stages. Accordingly, the third and fourth stages of the exemplary A/D converter in 
accordance with the present invention may be implemented in a reduced chip size with 
third and fourth stages of about 1/2 the sizes of the third and fourth stages of a 
conventional A/D converter, and the exemplary A/D converter has a correspondingly 
reduced power consumption, thereby reducing the chip size and a power by about 30% 
overall in comparison with a conventional A/D converter. 

[0033] Preferred embodiments of the present invention have been disclosed herein 
and, although specific terms are employed, they are used and are to be interpreted in a 
generic and descriptive sense only and not for the purpose of limitation. Accordingly, it 
will be understood by those of ordinary skill in the pertinent art that various changes in 
form and details may be made without departing from the spirit and scope of the present 
invention as set forth in the following claims. 
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